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Each of the logic stages has a plurality of inputs, wherein each 
logic stage includes fewer than logX inputs for receiving the 
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1. 

NON-BINARY DECODER ARCHITECTURE 
AND CONTROL SIGNAL LOGC FOR 
REDUCED CIRCUIT COMPLEXITY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional application of and claims 
priority to U.S. patent application Ser. No. 13/127,878 filed 
May 5, 2011, which is a national stage application of Inter 
national Application PCT/US2009/063202 filed Nov. 4, 
2009, which claims priority to U.S. Provisional Patent Appli 
cation No. 61/111.382 filed Nov. 5, 2008, the entirety of each 
of which is hereby incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention relates to decoder architectures for 
use with arrays of devices. 

BACKGROUND OF THE INVENTION 

Electronic arrays consist of identical devices arranged in 
rows and columns. Examples of these arrays include memory 
clusters, sensor arrays and display panels. The arrays are 
controlled by address circuits that select or activate (collec 
tively referred to herein as “enable') the correct rows and 
columns of elements. These address circuits are usually 
located in close proximity to the array and have enabling 
outputs connected to respective row or column lines of the 
array. Addressing circuits belong to two families of circuits, 
namely shift registers and decoders. Shift registers allow for 
the sequential addressing of array lines. Shift registers 
include logic stages that enable only one of its outputs at a 
time but also trigger a successive stage. As such, the shift 
register activates adjacent array lines one after the other, 
making them Suitable for large display or sensor Systems. In 
contrast, decoders are composed of logic stages that require a 
specific combination of clocks representing a specific address 
at its input to enable a specific line output. 

While shift register circuits tend to require fewer compo 
nents and therefore occupy less space than decoders, they are 
prone to multiple stage failures, meaning there is a risk of a 
stage not being able to trigger the next stage, thereby render 
ing large blocks of lines useless. This characteristic of shift 
registers is a significant concern in low yield technologies. 
Decoders have stages that are independent of each other and 
failures can be contained to just one line or column. Further 
more, the arrays controlled by decoder circuits can be 
addressed in a non-sequential manner if desired. This is par 
ticularly useful in memory, sensor or display arrays that do 
not require every line to be enabled during a given cycle. The 
cost of this improved independence and reliability is found in 
the size and complexity of decoder structures. 

Addressing circuits such as shift registers and decoders are 
particularly important in large area electronic arrays (such as 
displays and sensors). These circuits are Suitable candidates 
for integration on the same Substrate as the arrays that they 
control because this integration can reduce the number of 
interconnections to external components. Applications in this 
field are restricted for the most part to sensor or display arrays 
where yield, number of components and area utilization are 
very important. Shift registers are candidates for addressing 
these large arrays because of their reduced complexity when 
compared to decoders. But, because these applications usu 
ally extend over a large area, such as a display, it is particu 
larly important to minimize failure regions. As discussed 
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2 
above, arrays controlled by shift registers are Subject to con 
secutive line malfunctions, which severely affect the ability to 
localize failure regions. For this reason, it may be desirable to 
implement decoders that would limit potential failures to a 
single line or column. However, as discussed above, decoder 
stages necessarily employ complex circuit structures, par 
ticularly if the array size is large. This increased complexity 
affects yield as well as the ability to integrate the decoding 
structure with the array. 

It is desirable, therefore, to provide an addressing architec 
ture with reduced complexity in order to provide high pro 
duction yield while maintaining the ability to reduce or elimi 
nate Successive line failures. 

SUMMARY OF THE INVENTION 

A decoder architecture for enabling outputs in response to 
clock signal inputs is described including X number of logic 
stages corresponding to X number of outputs of the decoder. 
Each of the logic stages has a plurality of inputs, wherein each 
logic stage includes fewer than log-X inputs for receiving the 
clock signal inputs. 

In embodiments, the decoder is incorporated in an elec 
tronic device including an array having a plurality of lines of 
addressable elements. In embodiments, the decoder sequen 
tially enables the lines of the array responsive to a plurality of 
clock signal inputs. In embodiments, each of the clock signal 
inputs to the decoder has a non-binary duty cycle. 
The above and other features of the present invention will 

be better understood from the following detailed description 
of the preferred embodiments of the invention that is provided 
in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate preferred embodi 
ments of the invention, as well as other information pertinent 
to the disclosure, in which: 

FIG. 1 is a circuit diagram of a prior art two input NAND 
logic structure; 

FIG. 2 is a circuit diagram of a prior art four input NAND 
logic structure; 

FIG. 3 is a prior art timing diagram for clock signals for a 
binary system with logic stages having four inputs; 

FIG. 4 is prior art circuit diagram showing the connections 
of the clock signals of FIG. 3 to a decoder structure having 
input stages with four inputs for enabling sixteen outputs; 

FIG. 5 shows a timing diagram according to one embodi 
ment of the present invention for clock signals for a base four 
system with logic stages having two inputs; 

FIG. 6 shows an embodiment of a decoderaccording to one 
embodiment of the present invention which utilizes the 
improved clocking signals of FIG. 5: 

FIG.7 shows a sensing array having Switching structure for 
selectively biasing and reading pixel sites and a decoding 
structure coupled thereto for enabling columns and lines of 
the array; and 

FIG. 8 is a circuit diagram of a two input NAND logic 
Structure. 

DETAILED DESCRIPTION 

This description of the exemplary embodiments is 
intended to be read in connection with the accompanying 
drawings, which are to be considered part of the entire written 
description. 
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Simplified decoder architectures and logic operations are 
described herein that reduce the number of components 
needed in each decoder stage for addressing an array. By 
implementing fewer devices in each stage, the circuit occu 
pies significantly less space than conventional decoderarchi 
tectures with consequent reductions in the probability of fail 
ures. The architecture provides the advantages of reduced 
complexity previously associated only with shift register 
addressing circuits but with the ability to eliminate sequential 
line failures. 
A decoder is formed of repetitive logic stages, each of 

which receives a number of clock signals to enable its output. 
By way of example, only, the stages typically include mul 
tiple input NAND gates followed by a buffer. Each NAND 
gate receives clock signals through its inputs and when the 
correct signals are present the buffered output is enabled. 
Examples of these NAND gates are shown in FIGS. 1 and 2. 
As shown in FIG. 1, a two input NAND gate has a CMOS 
implementation with two NMOS transistors (labeled N1, N2) 
connected in series and two PMOS transistors (labeled P1. 
P2) connected in parallel. The number of devices in each 
NAND gate is equal for both NMOS and PMOS transistors 
and is dictated by the number of inputs for the decoder stage 
(i.e. every input, such as g1 or g2, is shared by one NMOS 
and one PMOS transistor). With reference to FIG. 2, the 
increased complexity of a four input (eight device) NAND 
gate is apparent when compared to a two input (four device) 
NAND gate (FIG. 1). As shown in FIG. 2, the NAND gate 
includes four serially connected NMOS (N1–N4) and four 
parallel connected PMOS (P1-P4) transistor devices. 

In these prior art examples, the output of each NAND 
circuit is a low voltage when all the inputs (G1-Gn) are high. 
For this reason a signal conditioning circuit, such as a buffer 
inverter (not shown), is added at the end of each stage. In 
addition to inverting the output, this inverter also serves the 
function of a buffer as it can Supply enough drive current to 
enable the addressed array. Decoders with stages including 
NOR gates may also be used in decoder architectures and 
often used in a complementary way (i.e., for outputs that 
assume a low level only when selected; and gates are con 
trolled by inverse clocks to those used in NAND gates). As 
those skilled in this art will understand variables such as 
dynamic response, parasitics, CMOS or bipolar technology, 
etc.) determine whether NAND, NOR or other gate that has a 
single output state for a given combination of unique inputs. 
By way of example only, the invention is described herein 

in connection with a system of sixteen addressable output 
lines. In a prior art binary system, sixteen output lines can be 
addressed using 4 bits (2-16). As discussed above, the 
decoder includes sixteen logic stages, each corresponding to 
a respective output of the decoder, and each of the sixteen 
decoder stages has four inputs that feed a logic circuit (i.e., a 
NAND gate) with four input signals. This logic circuit 
enables its output if the correct states are present at the inputs 
(for example, if they are all high). 

Traditional decoder logics are controlled by binary clocks 
to enable sequential outputs. The control clocks form a com 
bination of pulses each having a 50% duty cycle and time 
frequencies that relate to each other by multiples of 2. FIG. 3 
is a prior art timing diagram for clock signals carried by a 
clock bus for a binary system with four inputs per decoder 
stage. Four clock signals as well as their inverted signals (i.e., 
their complements), for a total of eight clock signals, are 
shown each having a binary duty cycle of 50%. Clock signals 
A/-A have a frequency twice that of clock signals B/-B. 
Clock signals B/-B have a frequency twice that of clock 
signals C/-C. Last, clock signals C/-C have a frequency 
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4 
twice that of clock signals D/-D. Examining the timing dia 
gram, there are sixteen possible combinations during the 
illustrated cycle of four clock signals (and their compliments) 
at which all four levels are high. For example, the third pos 
sible combination of high clocks is obtained with the follow 
ing pulses: the second high level of clock A, the first high level 
of clock-B, the first high level of clock C, and the high level 
of clock D. 

Connecting the decoder stages to the correct clock lines 
enables the outputs of the sixteen stages sequentially. By 
“sequentially it is meant the outputs are controlled by clock 
signals, i.e., controlled by the sequential changes in the polar 
ity of the clock signals, rather than by providing individual 
addresses to the decoder in response to some other stimulus. 
“Sequentially' does not imply that the decoder must be wired 
to the array in Such a way that the array lines or columns are 
sequentially triggered (i.e., meaning adjacent ones triggered 
one after the other). Some applications may also be addressed 
in a non-sequential manner. FIG. 4 shows the connections of 
each one of the four inputs of every stage in the decoder to the 
correct clock line. For example, the third stage of the decoder 
has its inputs connected to clock line A, clock line-B, clock 
line C and clock line D. This connection enables the third 
stage of the system only when all four of the lines are high, 
i.e., at the third possible combination of high clocks as shown 
in the clock diagram of FIG. 3. 

In embodiments of the present invention, the time basis is 
modified in order to accommodate more possible logic States 
per clock signal. This approach effectively reduces the num 
ber of inputs required for each logic element (e.g., for each 
NAND gate). In embodiments, the duty cycle of the control 
clocks is changed to a non-binary duty cycle, thereby fitting 
more pulses per clock period. By “non-binary duty cycle it is 
meant that the duty cycle is different than 50%. The duty cycle 
may be less than 50% or even greater than 50% depending on 
the polarity of interest for the given architecture. For example, 
changing the duty cycle of the clock from 50% to 25% effec 
tively allows for a base clock to assume four states instead of 
two, making the clock non-binary. The logic becomes base 
four and sixteen address outputs in a decoder system are 
possible by utilizing only two inputs per logic gate (4–16). 
FIGS. 5 and 6 illustrates this point. FIG. 5 shows the timing 
diagram for the clock signals for a base four decoder system 
with each logic stagehaving two inputs. In this example, there 
are two base clocks with duty cycle set to 25%, which effec 
tively allows for each base clock to assume 4 states instead of 
2. In other words, four clock lines based on a given pulse 
width can be described as a time shift of 25% to the previous 
pulse. The timing diagram shows base clockSA and B at their 
four possible states to form 8 clock lines (A1-A4 and B1-B4 
respectively). Clock signals B1-B4 have a period four times 
greater than clock signals A1-A4. In this fashion, they define 
sixteen possible combinations of two clock lines at which 
both levels are high. For example, the third possible combi 
nation of high clocks can be obtained by the following: the 
first high level of clock A3 with the first high level of clock 
B1. 

FIG. 6 is a circuit diagram of a decoder according to an 
embodiment of the present invention including sixteen two 
input NAND decoder stages and their respective connections 
to clock lines providing the clock signals shown in FIG. 5. As 
can be seen from FIG. 6, the third stage of the decoder has its 
inputs connected to clock line A3 and clock line B1. This 
connection enables the third stage of the system when both 
lines are high (i.e., the third possible combination of high 
clocks as shown in the timing diagram of FIG. 5). By con 
necting the decoder to the correct clock lines, all sixteen 
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stages are enabled sequentially during a clocking cycle. The 
significant reduction in complexity, when compared with the 
decoder of FIG. 4, can be seen in the reduced connection 
complexity reflected in FIG. 6 and by comparing the com 
plexity of individual two input NAND gates (FIG.1) with that 
of four input NAND gates (FIG. 2). It should be apparent that 
the decoder of FIG.6 utilizes sixty-four fewer transistors than 
the decoder of FIG. 4 (i.e., 4 fewer transistors per NAND 
gate). The space savings are very significant when the 
decoder architecture is implemented in large area arrays, 
which can include hundreds to thousands of lines of addres 
sable elements. Reducing complexity, and thus risk of defect, 
is of particular importance in these large area arrays as only 
limited numbers of Such arrays can be fabricated on a given 
Substrate. Any significant defect in a given array, therefore, 
can significantly adversely affect yield. 
By way of example only, additional reductions in complex 

ity could beachieved using a NAND gate such as that shown 
in FIG. 8, which is similar to the NAND gate of FIG. 1 only 
a resistor R is used instead of PMOS gates P1 and P2. It 
should be understood that other decoder structures compat 
ible with this invention may be similar to, but are not 
restricted to, the ones shown in FIGS. 1, 2 and 8 and may be 
based on NAND, NOR, PMOS only, NMOS only, or other 
designs. They may also be used in conjunction with buffers or 
Switches at the output to increase Voltage, current, or both. 
The type of logic gate used is not essential. Rather, the clock 
management techniques disclosed herein provide for the 
desired reductions in circuit complexity for a selected 
decoder architecture. 

Similar to standard binary decoders, the number “X” of 
addressable outputs is computed as a power of a number. The 
number “Y” of states perclock is the base and the exponent is 
the number 'G' of inputs needed per logic element (e.g., per 
NAND gate). Using simple mathematics, the required bus 
size (number of clock lines) can be calculated. The bus size 
follows a linear law and is computed as the number of states 
per clock multiplied by the number of inputs per logic ele 
ment (i.e., YG). 

In general terms, the decoderfor sequentially accessing the 
addressable elements of an array of addressable elements in a 
sequential order is responsive to a plurality of clockinputs. If 
the decoder has “X” number of outputs corresponding to the 
“X” number of columns or lines (collectively referred to 
herein as “lines”) in an array coupled to the decoder, then the 
decoder includes “X” number of logic stages (e.g., NAND 
gates) corresponding to the “X” number of outputs of the 
decoder. In contrast to the prior art decoder of FIG. 4, each 
logic stage includes fewer than log-X number of inputs for 
receiving clock signal inputs. The reduction in number of 
required inputs per logic stage is enabled by reducing the duty 
cycle of the clock inputs as discussed above and provides a 
significant reduction in the complexity of the logic stages. In 
embodiments, the duty cycle of the clock signal equals, as a 
percentage, 1/Y where Y is the number of states per clock and 
conforms to the equation logix =G, G being the number of 
inputs at each logic stage for receiving the clockinputs. So, if 
the number of outputs X equals 64, and the number of gates of 
each NAND logic element is 3, then Y equals 4 (i.e., 4–64) 
and the required duty cycle for the clock signals is 100% 
times /4, i.e., 25%. 

It should be apparent that a large range of possibilities arise 
when changing the logic base of a decoder from 2 to a number 
greater than 2. A reduction of decoder complexity at each 
stage can be achieved, which can increase production yields 
and minimize the probability of large failures. 
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6 
In some applications, it may be convenient to minimize the 

number of inputs (and thus decoder stage complexity) for a 
given fixed number of required outputs (as in the example 
described above with fixed sixteen addressable outputs). This 
becomes particularly useful when the number of addressable 
outputs is high. For example, in order to address 512 lines 
using a prior art decoder of FIGS. 3 and 4, one requires 9 
binary inputs (2–512) for each of the 512 logic stages. How 
ever, using a time base 8 instead, the number of required 
inputs is only 3 (8 =512) for each of the 512 logic stages. By 
“time base 8' it is meant that each clock as a 12.5% duty 
cycle. In this example, the decoder stages, such as the NAND 
stages shown in FIGS. 1 and 2, would each only have a total 
of six transistor devices for base 8 instead of eighteen devices 
for base 2. The trade offin this scenario is the increase in bus 
size from 18 (2x9=18 for base 2) to 24 (8x3–24 for base 8). In 
this example, twenty-four input clock signals are provided by 
the busses, which conform to the following relationships: (1) 
each clock as a duty cycle of 12.5%; (2) clocks A1-A8, B1-B8 
and C1-C8 are provided; (3) clocks A2-A8, B2-B8 and C2-C8 
represent delayed instances of clocks A1, B1 and C1, respec 
tively (see, e.g., FIGS. 5); and (4) clocks B2-B8 have a period 
eight times that of clocks A1-A8 and clocks C2-C8 have a 
period eight time that of clocks B2-B8. The increase in bus 
size is negligible when compared to the difference in number 
of transistor devices: 3072 (6x512) for base 8 and 9216 (18x 
512) for base 2. It is important to point out that bus size 
increase is not a serious concern in most applications, as bus 
lines are simple metal traces that do not largely impact yield. 
Typically, the cost of implementing high numbers of gates per 
decoder stage (i.e., increased area, reduced yield, etc.) is 
larger than the cost of introducing extra clock lines. 

In other applications, it may be convenient to maximize the 
number of addressable outputs for a given fixed number of 
gates. For example, in a standard binary system with 12 bits 
one can address only 4096 outputs (2°–4096). However, 
with a time base 3 (i.e., duty cycle of 33 /3 percent, meaning 
three states per clock cycle) one can address 531441 outputs 
(3'-531441) with the same number of bits (i.e., same num 
ber of inputs per decoder stage). This is a very large increase 
in total addressable outputs, which can have a dramatic effect 
on system performance and efficiency. Just as with the previ 
ous case, the trade off in this scenario is the increase in bus 
size from 24 (2x12–24 for base 2) to 36 (3x12=36 for base 3). 
However, if one wanted to address over 500000 lines with a 
standard binary system, 19 bits would be required and a total 
of 38 clock bus lines needed, actually providing a less com 
plex bus structure for this given number of outputs. 

Although a preferred embodiment shown here is based on 
decoder stages with NAND gates, the above-described math 
ematical formulation does not imply any requirement on the 
composition of the logic inside each decoder stage. As men 
tioned above, NOR gates could also be used. Moreover, the 
decoder architecture and logic can be implemented with any 
logic gate that defines a single output state for a unique 
combination of inputs. 

It is clear that in many applications the alternative decoder 
architecture and logic operation discussed herein can signifi 
cantly reduce circuit complexity, either at the decoder stage 
level or the clockbus level. In particular, this is of great value 
to large area applications such as sensors and displays where 
reduced circuit complexity is required to achieve high yield 
over an extensive area. The increased efficiency in decoder 
stage and better utilization of clock signals provides the nec 
essary addressing power for large systems at a reduced risk. 
As mentioned above, the decoding architecture described 

herein can be used with any type of addressable array, Such as 
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memory cluster, display or sensor array. In exemplary 
embodiments, the decoding architecture is used with a sensor 
array. These sensor arrays can be used for a variety of acqui 
sition functions such as thermal measurements, X-ray detec 
tion, and pressure sensing, to name a few. These devices are 
used in diverse fields including medical, environmental, Secu 
rity and industrial, amongst others. Development and com 
mercialization of these sensing arrays are usually dictated by 
the cost of the processing technology used to build them as 
well as their sensing accuracy. Because these sensors are built 
over a large area, selecting a suitable technology that can 
provide appropriate yields with little area consumption at an 
acceptable cost is often difficult. 
The most efficient and accurate sensing arrays are based on 

active principles. Active sensors quantify a specific physical 
parameter response to a given stimulus. For example, active 
thermal sensors measure an object's heat conductance for a 
given heating stimulus. The response to the stimulus is mea 
Sured by each of the sensing sites within a sensor array. The 
response is in parta function of the stimulus provided, i.e., the 
larger the stimulus, the larger the response. Examples of 
sensors of this type are disclosed in U.S. Pat. No. 6,091,837 to 
Dinh, entitled “Sensor for Acquiring a Fingerprint Image 
Based on Heat Transfer” (hereinafter “Dinh I”) and WO 
2006/033582 A1, also to Dinh, entitled “Apparatus for Fin 
gerprint Sensing and Other Measurements' (hereinafter, 
“Dinh II), the entirety of each of which is hereby incorpo 
rated by reference herein. 

FIG. 7 shows a sensing apparatus 100 including a sensor 
array 110 formed of nonlinear sensing pixels “ns” as well as 
Surrounding row and column Switching circuits. Reference 
112 identifies column lines and reference 114 identifies row 
lines. Each sensing site has a column terminal connected to a 
column line 112 and a row terminal connected to a row line 
114. Block 140 provides the stimulus current from a current 
source 142 for each pixel site in the array 110. The biasing 
current is directed into the correct column lines 112 by thin 
film transistor (TFT) switches s3, which can be multiplexed 
by a decoder. When a column 112 is selected, the TFT switch 
s3 connects the respective column line 112 to the current 
source 142, thereby allowing the stimulus current to flow into 
the pixel site. When the column is deselected, the correspond 
ing TFT switch is connected to ground (not shown) to ground 
the column line. In a similar fashion, row lines are activated 
by TFT switches s1. These switches are connected to 
ground when a row line is selected, allowing the current to 
flow out of the pixel site after it flows through the pixel ins’. 
When a row is deselected, the corresponding TFT switch s1 
connects the row line to a high potential (not shown), reverse 
biasing the pixels connected to the deselected row. 
Column and row decoders 150, 160 are provided for con 

trolling Switches S3, S4 and S1, S2, respectively, of column 
switching module 120 and row switching module 130. These 
decoders preferably take the form of those described above in 
connection with FIGS. 5 and 6 (modified of course to decode 
for the desired number of lines/columns), so that individual 
lines and columns can be enabled to allow individual sensing 
elements can be sequentially accessed. The row and column 
decoders 150, 160 are provided clock signals through clock 
busses 210 from clock sources 200. In an exemplary embodi 
ment, the column and row decoders 150, 160 are integrated on 
the same substrate as the array 110, switch modules 120, 130 
and clockbusses 210. In embodiments, the clock sources 200 
are external to this structure though in other embodiments 
could be integrated on the substrate along with the other 
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8 
illustrated structures. Non-limiting examples of external 
clocks include external clock chips, computers, microproces 
sors and PLCs. 

In this sensor 100, the data signal that is present at each 
pixel (i.e., the differential voltage signal) is detected from the 
array 100 by a differential reading circuit (not shown) 
coupled to two high impedance nodes 144, 146 in block 140, 
which are connected to column lines 112 and row lines 114, 
respectively, through two large TFT transistors s4 and s2. 
respectively. 

Although an embodiment of the invention is described in 
connection with a sensor array as shown in FIG.7, it should be 
understood as described above that the decoder architecture 
and decoding method as disclosed herein can be used with 
other arrays, such as memory arrays and display arrays, as 
will be readily understood by those of ordinary skill in the art. 

Although the invention has been described in terms of 
exemplary embodiments, it is not limited thereto. Rather, the 
appended claims should be construed broadly to include other 
variants and embodiments of the invention that may be made 
by those skilled in the art without departing from the scope 
and range of equivalents of the invention. 
What is claimed is: 
1. A method of decoding, comprising: 
providing an array including a plurality of lines of addres 

sable elements; 
providing a decoder for sequentially enabling the lines of 

the array responsive to a plurality of clock signal inputs; 
and 

providing the plurality of clock signal inputs to the decoder 
to sequentially enable outputs of the decoder, wherein 
one or more of the clock signal inputs has a non-binary 
duty cycle. 

2. The decoding method of claim 1, wherein the decoder 
comprises X number of outputs corresponding to the plurality 
of lines of the array, the decoder comprising X number of 
logic stages corresponding to the X number of outputs of the 
decoder, wherein each logic stage comprises fewer than 
logx inputs for receiving the clock signal inputs. 

3. The decoding method of claim 2, wherein the array and 
decoder are integrated on a common Substrate. 

4. The decoding method of claim3, wherein a clockbus is 
integrated on the common Substrate for providing the clock 
signal inputs to the logic stages. 

5. The decoding method of claim 4, further comprising the 
step of providing the plurality of clock signal inputs from an 
external clock. 

6. The decoding method of claim 2, wherein the duty cycle 
equals, as a percentage, 1/Y where Y conforms to the equation 
log, X-G and G is the number of inputs at each logic stage for 
receiving the clock signal inputs. 

7. The decoding method of claim 2, wherein each of the 
logic stages includes a logic gate that assumes a single output 
state for a unique combination of inputs. 

8. The decoding method of claim 7, wherein each logic 
stage further includes an output signal conditioning circuit 
coupled to an output of its logic gate. 

9. The decoding method of claim 1, wherein each of the 
clock signal inputs has a duty cycle of less than 50%. 

10. A sensing method for a sensing device having an active 
sensor array comprising a plurality of lines of addressable 
sensing elements, comprising the steps of 

providing a row column decoder for sequentially enabling 
the lines of the active sensor array responsive to a plu 
rality of clock signal inputs; 

providing the plurality of clock signal inputs to the row 
decoder to sequentially enable outputs of the row 
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decoder, wherein one or more of the clock signal inputs 
has a non-binary duty cycle; and 

sequentially accessing the lines of addressable sensing ele 
ments of the active sensor array responsive to the outputs 
of the row decoder. 

11. The sensing method of claim 10, wherein the active 
sensor array comprises a plurality of rows and lines of addres 
sable sensing elements, the method further comprising: 

providing a column decoder for sequentially enabling the 
columns of the active sensor array responsive to a plu 
rality of clock signal inputs for the column decoder; 

providing the plurality of clock signal inputs for the col 
umn decoder to the column decoder to sequentially 
enable outputs of the column decoder, wherein one or 
more of the clock signal inputs has a non-binary duty 
cycle; and 

sequentially accessing the columns of addressable sensing 
elements of the active sensor array responsive to the 
outputs of the column decoder. 

12. The method of claim 10, wherein the active sensor array 
is an active thermal sensing array. 

13. The method of claim 12, wherein each addressable 
sensing element comprises a sensing pixel, and the method 
includes activating and reading each sensing pixel. 
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14. The method of claim 13, wherein each sensing pixel 

comprises a nonlinear sensing element. 
15. The method of claim 10, wherein the row decoder 

comprises X number of outputs corresponding to the plurality 
oflines of the active sensor array, the row decoder comprising 
X number of logic stages corresponding to the X number of 
outputs of the row decoder, wherein each logic stage com 
prises fewer than log-X inputs for receiving the clock signal 
inputs. 

16. The method of claim 15, wherein the array and row 
decoder are integrated on a common Substrate. 

17. The method of claim 16, wherein a clock bus is inte 
grated on the common Substrate for providing the clock signal 
inputs to the logic stages. 

18. The method of claim 17, further comprising the step of 
providing the plurality of clock signal inputs from an external 
clock. 

19. The method of claim 15, wherein the duty cycle equals, 
as a percentage, 1/Y where Y conforms to the equation 
log, X-G and G is the number of inputs at each logic stage for 
receiving the clock signal inputs. 

20. The decoding method of claim 15, wherein each of the 
logic stages includes a logic gate that assumes a single output 
state for a unique combination of inputs. 

k k k k k 


